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A functional variant in the OAS1 
gene is associated with Sjögren’s 
syndrome complicated with HBV 
infection
Xianjun Liu1, Hongcun Xing2, Wenjing Gao1,2, Di Yu1, Yuming Zhao2, Xiaoju Shi3,  
Kun Zhang4, Pingya Li5, Jiaao Yu6, Wei Xu7, Hongli Shan7, Kaiyu Zhang8, Wanguo Bao8,  
Xueqi Fu2, Sirui Yang9 & Shaofeng Wang  1,9

Hepatitis B virus (HBV) has been suspected to contribute to several autoimmune diseases, including 
Sjögren’s syndrome (SS), although the exact mechanism is unknown. The 2′–5′ oligoadenylate 
synthetase (OAS1) is one of the most important components of the immune system and has significant 
antiviral functions. We studied a polymorphism rs10774671 of OAS1 gene in Han Chinese descent. The 
minor allele G was significantly associated with a decreased risk for SS, anti-SSA-positive SS, and anti-
SSA-positive SS complicated with HBV infection, which have not been seen in anti-SSA-negative SS 
and HBcAb-negative SS patients. Gene expression analysis showed that the risk-conferring A allele was 
correlated with lower expression of p46 and increased expression of p42, p48, and p44. A functional 
study of enzymatic activities revealed that the p42, p44, and p48 isoforms display a reduced capacity to 
inhibit HBV replication in HepG2 cells compared to the normal p46 isoform. Our data demonstrated that 
the functional variant, rs10774671, is associated with HBV infection and anti-SSA antibody-positive 
SS. The SAS variant switches the primary p46 isoform to three alternatives with decreased capacities 
to inhibit HBV replication. These data indicated that individuals harboring the risk allele might be 
susceptible to hepatitis B infection and SS development.

Sjögren’s syndrome (SS) is a common, systemic autoimmune disease, with a prevalence of approximately 0.5% in 
the general population1,2. The clinical features of the disease include lymphocytic infiltration of exocrine glands 
(mainly salivary and lacrimal), the activation of B-lymphocytes, and the production of anti-SSA and anti-SSB 
autoantibodies3. Loss of secretory activity of salivary and lacrimal glands has been observed, resulting in dry 
mouth and eyes. Other systems or organs, such as the musculoskeletal and nervous systems, liver, skin, and kid-
neys, can also be affected. The causative mechanisms of SS are not yet fully understood. Accumulating evidence 
has shown that both genetic and environmental factors contribute to SS development4.

Recently, the dysregulation of interferon (IFN) signaling pathways has been observed in the salivary glands 
and peripheral blood of SS patients5–8. IFNs are key immune mediators involved in viral defense and immune 
response activation9–11. Additionally, recent genome-wide association studies and candidate gene scans have indi-
cated the importance of multiple genetic loci in SS pathogenesis, in which numerous IFN-regulated genes have 
shown significant associations with SS12.

OAS1, induced by IFN, encodes the key antiviral enzyme 2′–5′ oligoadenylate synthetase 113. OAS1 is a 
well-known molecule that restricts viral infection by degrading viral RNA in combination with RNase L, resulting 
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in the inhibition of viral replication14,15. Four OAS1 isoforms have been identified16. A single-nucleotide polymor-
phism (SNP), rs10774671, at the intron 5 splice acceptor site (SAS) of the OAS1 gene affects the production of 
various OAS1 isoforms17. The G reference allele produces OAS1 transcript variant 1 (TV1), which results in the 
production of the OAS1 p46 isoform; the alternate A allele changes the SAS site, resulting in the loss of the canon-
ical SAS, and produces three transcript variants, TV2 (p42), TV3 (p48), and TV4 (p44), which encode different 
isoforms with altered enzymatic activities14,16,17.

The SAS variant, rs10774671, has been associated with multiple autoimmune diseases, including type 1 dia-
betes (T1D)18–20 and multiple sclerosis (MS)21,22. A recent large-scale association study was just published and 
showed a significant association of variant at the OAS1 locus in SS in European population23,24. By comparing 
835 T1D and 401 healthy siblings (subjects were collected from 574 families of Danish, Canadian, and American 
heritage), the G allele of rs10774671 was found to significantly increase the risk of developing T1D18. In MS, 
contradictory results have been reported. A Spanish study showed that the G allele is associated with increased 
risk for MS21; however, an Irish study showed that the G allele plays a protective role25. These data suggested that 
rs10774671 has distinct effects on various autoimmune diseases and ancestries26. To date, there is only limited 
information on the nature of the SAS variant of the OAS1 gene and susceptibility to SS23. Thus, a population-based 
case-control study to evaluate the association of SS and the OAS1 gene is critically needed.

Hepatitis B virus (HBV) infection is highly prevalent in human populations. Of the 350 million individuals 
worldwide infected with HBV, 33% reside in China27. Although there is accumulating evidence indicating that 
hepatitis C virus (HCV) infection contributes to the etiology of SS28,29, there is a limited number of reports regard-
ing the nature of the association between SS and HBV infection30–32. Two large cohort studies have suggested that 
HBV infection might be more prevalent in patients with SS than in the general population30,31. However, the 
pathogenic role of HBV in SS-susceptible individuals has not been well characterized. Between 2005 and 2016, 
we established a cohort of 588 patients with SS and 1455 healthy controls to study genetic factors that influence 
the risk for SS. To evaluate the pathogenic role of HBV in triggering SS in susceptible individuals, we analyzed the 
clinical information for 368 anti-SSA-positive SS patients for HBV infection by screening their anti-HBc antibody 
status. Of the 68 tested SS patients, 30 SS patients were previously infected by HBV (HBcAb+), and 38 SS patients 
were negative for HBcAb. Therefore, we set out to evaluate the genetic association of the SAS variant of the OAS1 
gene in a case-control study complicated by HBV infection.

Results
The rs10774671 SNP is associated with SS and anti-SSA-positive SS. The demographics of the 
588 cases and 1455 independent controls enrolled in this study are shown in Supplementary Table 1. There were 
no significant differences between the case and control subjects in terms of mean age or gender distribution. 
All cases and controls in the analysis are self-reported Han Chinese. As shown in Table 1, single-marker asso-
ciation was performed using a logistic regression with multiple models. We observed an association of variant 
rs10774671 in SS (P = 0.039 for an additive model, P = 0.01 for a dominant model, and P = 2.9 × 10−4 for a reces-
sive model), with an effect size of odds ratio (OR) = 0.85. Given that data reflecting the anti-SSA autoantibodies 
of 429 SS patients were available, we further stratified SS patients based on their anti-SSA autoantibodies status. 
We observed a significant association of rs10774671 with anti-SSA-positive SS (P = 8.0 × 10−5) with an effect size 
of OR = 0.70. However, the association was not seen in anti-SSA-negative SS (P = 0.1725) (Table 1). These results 
demonstrated, for the first time, the association of OAS1 in SS patients and anti-SSA-positive SS patients in Han 
Chinese. The G allele of rs10774671 plays a protective role, and the A allele confers risk for SS. In our cohort, the 
frequencies of the risk allele A were 0.71 in controls and 0.78 in SS cases. A similar pattern of association was 
observed in SS patients with European ancestry, in which the frequencies of the risk allele A were 0.65 in controls 
and 0.72 in SS cases23,24. These findings suggest that this genetic risk factor could influence risk of SS in both 
European and Asian populations.

The variant rs10774671 is associated with anti-SSA-positive SS complicated by HBV infection 
with a reduced effect size. To evaluate the role of rs10774671 in the pathogenesis of anti-SSA-positive SS 
complicated with HBV infection, we classified the anti-SSA-positive SS patients into two groups: anti-SSA+/
HBcAb+ (n = 30) and anti-SSA+/HBcAb− (n = 38). Comparisons were made between anti-SSA+/HBcAb+ 
SS, anti-SSA+/HBcAb− SS, and controls. We performed an association study using Fisher’s exact test to account 
for small sample sizes. As shown in Table 2, the protective allele G of the rs10774671 SNP was significantly asso-
ciated with anti-SSA+/HBcAb+ SS (P = 0.0059), with an effect size of OR = 0.36. Interestingly, this association 
was not seen in the anti-SSA+/HBcAb− SS samples (P = 0.3746, OR = 1.24), although the sample size of the 
anti-SSA+/HBcAb– SS group (n = 38) was greater than the anti-SSA+/HBcAb + SS group (n = 30). Our data 

N MAF

Genotype SS cases vs Controls OR 
(95% CI) P-value

Anti-SSA + SS vs Controls 
OR (95% CI) P-value

Anti-SSA − SS vs Controls 
OR (95% CI) P-value

Anti-SSA + SS vs Anti-SSA – 
SS OR (95% CI) P-valueGG GA AA

Controls 1455 0.2948 140 578 737

SS cases 588 0.2628 28 253 307 0.85 (0.73–0.99) 0.70 (0.58–0.85) 1.30 (0.88–1.88) 0.62 (0.42–0.91)

Anti-SSA + SS 368 0.2255 12 142 214 2.9 × 10−4 8.0 × 10−5 0.1725 0.0025

Anti-SSA − SS 61 0.3525 4 35 22

Table 1. The genetic association of rs10774671 in SS and anti-SSA positive SS. Note: MAF: minor allele 
frequency; OR: odds ratio; CI: confidence interval.
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showed that the protective allele G was less common in the anti-SSA+/HBcAb + SS group (frequency of the G 
allele = 0.13), and the altered risk allele A was strongly enriched in the anti-SSA+/HBcAb + SS group (frequency 
of the A allele = 0.87). These results demonstrated that the OAS1 rs10774671 A allele conferred risk for SS patients 
with HBV infection compared to SS patients having no HBV infection. In contrast to the effect sizes of the asso-
ciation signals of rs10774671 in SS patients (OR = 0.85) and in anti-SSA-positive SS (OR = 0.70), the effect size 
in HBV-infected SS patients was decreased (OR = 0.36). These data suggested that the A allele of genetic variant 
rs10774671 contributes to the risk for SS. Therefore, HBV infection might play a pathogenic role in genetically 
predisposed individuals at the OAS1 locus to develop SS.

OAS1 gene expression is significantly increased in anti-SSA-positive patients. Our data demon-
strated a significant association between the variant rs10774671 and SS in Han Chinese. To begin to evaluate 
the role of rs10774671 in SS pathogenesis, a bioinformatic analysis using Haploreg (4.1)33,34 was performed to 
identify variants that are in linkage disequilibrium (LD) with rs10774671. As shown in Supplementary Table 2 
and Supplementary Figure 2, 98 variants in Asian individuals spanning the OAS1-OAS3 locus were corre-
lated with rs10774671, with an r2 ≥ 0.99. These data suggested that an rs10774671-tagged haplotype, spanning 
the OAS1-OAS3 locus carrying 99 genetic variants, is associated with SS. Therefore, we evaluated the role of 
rs10774671 in regulating gene expression of OAS1 and OAS3 in peripheral blood mononuclear cells (PBMCs) 
from patients with SS (n = 54) and from healthy controls (n = 104) by RT-qPCR assays according to the methods 
in our previous studies35–38. In healthy individuals and SS cases, the genotypes of rs10774671 do not influence 
total expression of OAS1 and OAS3 (Fig. 1B and C and Supplementary Figure 3). Additionally, we generated 
12 Epstein-Barr virus (EBV)-transformed B cell lines using PBMCs from patients with SS and compared gene 
expression levels of OAS1 and OAS3 stimulated with IFNα for 2 hours. Messenger RNA expression levels of OAS1 
and OAS3 were compared between GG (n = 4), GA (n = 4), and AA (n = 4) groups. There were no significant dif-
ferences of OAS1 (Fig. 1E) and OAS3 (Supplementary Figure 4) gene expression between groups. However, when 
samples were classified by anti-SSA autoantibodies status, individuals who tested positive for anti-SSA antibodies 
showed a significant increase in total OAS1 gene expression in PBMCs (P = 0.032) (Fig. 1D).

The major allele A of rs10774671 leads to an increased risk for SS by regulating pre-mRNA 
splicing of the OAS1 gene. Given that the risk-conferring A allele of rs10774671 is a splice acceptor site 
variant located at the junction between intron 5 and exon 6 and may switch the primary normal isoform to var-
ious alternatives, we assessed whether the altered allele A influences the expression of various isoforms of OAS1 
in PBMCs and EBV-transformed B cell lines from patients with SS. Primers that specifically detect different tran-
script variants (TVs) of OAS1 were designed and are listed in Supplementary Table 3. Quantitative PCR analyses 
were performed to detect expression of specific TVs of OAS1. As shown in Fig. 2, the switching of reference allele 
G to risk-conferring allele A results in reduced expression of the TV1 (p46) isoform and increased expression 
levels of TV2, TV3, and TV4. To further confirm this finding, we replicated the gene expression analyses in 
PBMCs obtained from 20 patients with SS. As shown in Supplementary Figure 5, we consistently observed that 
the risk-conferring allele A reduces expression of the TV1 (p46) isoform and increases the expression levels of 
the three alternatives.

Risk allele A of the rs10774671 SNP demonstrated reduced activity in the clearance of HBV 
infection. Previous studies on enzymatic activities of various isoforms of the OAS1 gene product in clearance 
of hepatitis C virus39,40 and West Nile virus41 showed that the p46 isoform is significantly more active than the 
TV3 (p48) isoform. Additionally, it is known that OAS1 plays a critical role in restricting HBV infection and rep-
lication42. In this study, we observed that the rs10774671 SNP is significantly associated with SS complicated with 
HBV infection. Therefore, we hypothesized that the risk-conferring allele A, which is associated with reduced 
OAS1 activity, is inefficient in the clearance of HBV in SS-susceptible individuals and influences the risk for SS 
with HBV infection. To test this hypothesis, we co-transfected HepG2 cells with an HBV-producing plasmid and 
OAS1 isoform-expressing vectors. Six days post-transfection, we determined the expression levels of the OAS1 
isoforms and the hepatitis B core protein in HepG2 cells by western blotting and measured the HBV-DNA by 
RT-qPCR. As shown in Fig. 3, the various isoforms of OAS1 were expressed evenly; however, we observed that 
the TV2, TV3, and TV4 isoforms showed significantly lower capacity to restrict HBc protein expression in cells 
than TV1 (p46) (Fig. 3). To evaluate the activities of OAS1 in restricting HBV surface antigen release in HepG2 
cells, we measured the levels of HBsAg in the culture medium by ELISA. As shown in Fig. 3C, the levels of HBsAg 
in the culture media in TV2-, TV3-, and TV4-expressing cells were significantly higher than those in the media 
in TV1-expressing cells. Our data demonstrated that the A allele-associated isoforms produce significantly lower 

N MAF

Genotype HBc + SS vs controls 
OR (95% CI) P-value

HBc − SS vs controls 
OR (95% CI) P-value

HBc − SS vs HBc + SS 
OR (95% CI) P-valueGG GA AA

Controls 1455 0.29 140 578 737

SS cases 588 0.26 28 253 307 0.36 (0.18–0.79) 1.24 (0.63–2.38) 0.29 (0.06–0.70)

SSA + HBc + SS 30 0.13 0 8 22 0.0059 0.3746 0.0055

SSA + HBc − SS 38 0.34 2 22 14

Table 2. The association of rs10774671 in SS complicated by HBV. Note: MAF: minor allele frequency; OR: 
odds ratio; CI: confidence interval; HBc: hepatitis B core protein.
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activity to inhibit HBV replication than TV1 (p46). These data indicated that individuals harboring the risk allele 
might be susceptible to hepatitis B infection and SS development.

Discussion
Little is known about the etiology and pathogenesis of SS, partially due to the complexity and heterogeneity 
of the disease mechanisms1,29. Dysregulation of IFN signaling pathways has been observed in patients with SS 
and makes the IFN-inducible gene OAS1 a good candidate risk gene for SS9,12. Recently, a large-scale genetic 
association study was just published and demonstrated a significant association of variant at the OAS1 gene with 
SS in European population24. In addition to the genetic associations of OAS1 with T1D18–20, MS21,22, and SS in 
European, we demonstrated a genetic association of rs10774671 of the OAS1 gene with SS (OR = 0.85) in Chinese 
Han descent, especially with anti-SSA autoantibody-positive SS (OR = 0.70). Among SS patients who tested pos-
itive for the hepatitis B core protein antibody, the effect size of the association was reduced to OR = 0.36 (Fig. 4). 
The risk allele A is strongly enriched in anti-SSA+/HBcAb-positive SS patients. Interestingly, the genetic associ-
ation was not seen in anti-SSA+/HBcAb - negative SS patients. Further functional studies revealed that the risk 
A allele leads to the changing of a consensus sequence of the splicing accepter site at intron 5 of OAS1, resulting 
in the production of three alternative isoforms with a reduced capacity to inhibit HBV replication in HepG2 cells. 
The data from these functional studies are consistent with our findings in the genetic association study.

The association of SS with HCV has resulted in an intense debate over the past decade. In 1992, researchers 
found the first histological evidence of SS in 16 of 28 patients with chronic HCV infection43. Since then, numer-
ous studies have shown significant associations of SS with HCV. However, the association of SS and HBV has not 
been established, although both viruses are highly prevalent. Interestingly, there are a number of case reports 
demonstrating that SS occurs after hepatitis B vaccination and suggesting a role of HBV in SS pathogenesis44. 
A recent study on the prevalence of HBV infection in patients with SS (603 cases) in Spain showed a slight 
increase in the percentage of HBV infection in SS patients (HBsAg + 0.83%) compared to the population controls 
(HBsAg + 0.7%)31. Additionally, a study of SS patients from Taiwan (9,629 cases) infected with HBV showed 
that the HBV infection was more frequent in SS patients (4.3%) than in the healthy population (3.6%, 38,516 
controls)30. Our data indicated that there is an increased incidence of HBV in SS patients carrying the A allele. 
In addition to the HBV, viruses like HIV, HTLV-1, and HDV, are also shown to influence risk for SS. However, 

Figure 1. Gene expression analysis of OAS1 in PBMC. (A) The schismatic figure shows the relative location of 
rs10774671 and OAS1 gene. Pairs of primers, OAS1_F and OAS1_R for detecting total expression of OAS1 were 
indicated. (B,C) The effect of SS-associated rs10774671 on OAS1 mRNA expression in healthy controls and SS 
cases was determined by RT-qPCR, respectively. Each data point represents an individual subject, and the bars 
show the standard deviation (SD). P values were calculated by using one-way ANOVA. (D) The comparison of 
OAS1 expression in PBMC between anti-SSA positive and anti-SSA negative SS cases. (E) 12 EBV-transformed 
B cell lines with various genotypes at 10774671 were stimulated by IFNα. Statistically differences between three 
groups were calculated by one-way ANOVA. P value < 0.05 was considered significant.
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the patients in our cohort are HIV and HDV negative. The serological data in our cohort is not available for the 
HTLV-1, therefore, infections of other SS-associated viruses in patients should be considered as they might cor-
relate with the risk variant of the OAS1 gene.

The SNP rs10774671 at intron 5 of the OAS1 gene affects pre-mRNA splicing and the enzymatic activities of 
various isoforms of OAS1, which have been intensively studied in the context of viral infections, including HCV. 
However, the expression profiles of OAS1 isoforms in SS patients and the activities of different OAS1 isoforms 
in controlling HBV replication remain to be elucidated. Our findings in the current study revealed a molecular 
mechanism by which rs10774671 impacts the pre-mRNA splicing of OAS1 in patients with SS, which was sim-
ilar to previous findings in other tissues and diseases17,19. Failure to clear virus might lead to a chronic infection 
that drives the sustained overexpression of IFNs, which is associated with increased risk of SS24,45. On the other 
hand, viral proteins may also indirectly cause IFN production through adaptive immune responses45,46. Further 
mechanistic study of hepatitis B viral proteins may or may not directly influence salivary gland function in vitro, 
and animal models are fundamental to understand the effect link between HBV and development of Sjögren’s 
syndrome.

In summary, we demonstrated a genetic association of SNP rs10774671 in the OAS1 gene in SS, 
anti-SSA-positive SS, and HBV-positive SS patients, with an enhanced effect size. A functional study of the risk 
variant demonstrated that the SS-associated risk allele A leads to decreased expression of the normal isoform of 
OAS1 (TV1, p46) and results in the expression of alternative isoforms with reduced activities in inhibiting HBV 
replication in HepG2 cells. These findings provide significant insight into the mechanistic understanding of how 
risk variant might result in a reduced ability to the clearance of HBV, leading to a chronic infection and constitu-
tive activation of the IFN signaling, influence risk for SS in both Asian and European populations.

Materials and Methods
Patients and samples. The study population consisted of 2043 adult unrelated Chinese, including 588 SS 
cases and 1455 matched population controls (all participants in this study self-reported to be Han Chinese). 
Individuals were recruited between March 2005 and August 2016 from The First Hospital of Jilin University 

Figure 2. The expression of isoforms of OAS1 in PBMC and EBV-transformed B cell lines from patients with 
SS. (A) The schismatic figures show the four transcript variants of OAS1 mRNA. The grey boxes represent exons 
of OAS1. The SAS SNP rs10774671 determines the splicing of OAS1 mRNA. Four pairs of primers designed 
specifically detect each isoform of OAS1 are indicated. (B) Quantitative PCR analyses of expressions of isoforms 
in PBMC from 6 SS patients and in 6 EBV-transformed B cell lines (C) were performed. The isoforms (OAS1_
V1 and OAS1_V3) were amplified with a same pair of primers and were resolved on the same gel. The isoforms 
OAS1_V2 and OAS1_V4 were amplified with two pairs of primers designed specifically for the V2 and V4 and 
were resolved separately. The GAPDH amplicon from each sample was used as a loading control.
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in China. All SS patients were diagnosed according to the standards defined by criteria of the American 
European Consensus Group in 2002 and were enrolled in this study (Table 1). There was no sex and age restric-
tion (Supplementary Table 1). Four hundred twenty-nine patients were tested for anti-SSA and anti-SSB 

Figure 3. Functional analyses of the anti-virus activities of various isoforms of OAS1 in HepG2 cells. (A) The 
OAS1 proteins, HBV core protein, and actin were measured by western blot analysis. (B) Optical densities of the 
hepatitis core protein were analyzed using Image-J software. The data are the mean ± SD (n = 3). (C) Hepatitis 
B surface antigen (HBsAg) in the culture supernatant was analyzed by enzyme-linked immunosorbent assay 
(ELISA). (D) HBV-DNA in the culture supernatant was measured by RT-qPCR. Data represent the mean ± SD 
of three experiments. Comparisons were made between TV2, TV3, and TV4 versus TV1. Statistically 
differences were calculated by student t-test. Asterisks *indicates P < 0.05 and double asterisks **indicates 
P < 0.01.

Figure 4. The risk allele A or rs10774671 is strongly enriched in the anti-SSA+/HBcAb + SS patients. The grey 
boxes represent the protective allele G and the white boxes represent the risk allele A. The allele frequencies of 
each allele are indicated in the boxes. P value for each analysis was based on the comparison of indicated group 
with healthy controls.
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autoantibodies, including 368 (62.6%) with anti-SSA antibodies, 182 (30.9%) with anti-SSB antibodies, 179 
(30.4%) with both anti-SSA and anti-SSB antibodies, and 311 (52.9%) with previous or current systemic compli-
cations. The ethics committee of The First Hospital of Jilin University approved this protocol. Written informed 
consent was obtained from all study participants.

Patients with SS complicated with infections of hepatitis viruses. Viruses including HIV, HTLV-1, HCV, and HDV 
have been associated with increased risk for SS. We checked available serological data in our cohort and found 
that seventy-six SS patients were tested for HCV infection, and only 1 patient was positive. All subjects includ-
ing cases and controls are negative for HIV and HDV. Tests for HIV and HDV antibody detection are accom-
plished by Abbott HIVAB HIV-1/2 (rDNA) EIA kit and Cusabio HDV IgG ELISA kit respectively as instruction’s 
suggestive protocols (Abbott, Tokyo, Japan; Cusabio, Guangzhou, China). For HTLV-1, there is no serological 
information available. Of the 368 anti-SSA antibody-positive SS cases, 68 patients were given the serological tests 
for HBsAb and HBcAb. Given that the HBV vaccination is routinely administered to people in China, a posi-
tive HBsAb test could not distinguish infection or vaccination of HBV. Therefore, we classified 68 patients with 
serological test results into two groups based on their anti-HBc status. Patients who were positive for anti-HBc 
demonstrated exposure to HBV. Because anti-HBc can persist for life, these patients either had an active hepatitis 
B infection or have had hepatitis B in the past. Additionally, the patients with anti-HBc antibodies also tested for 
the HBV core proteins. All patients were negative for the HBV core protein suggesting there is no active infec-
tion. As shown in Table 2, 30 anti-SSA-positive SS patients were positive for HBcAb, and 38 anti-SSA-positive SS 
patients were negative for HBcAb.

SNP genotyping. Genomic DNA was extracted from PBMCs using a DNA-Beads-400 DNA extraction 
kit (Zhiang Biotech, Changchun, China), according to the manufacturer’s instructions. The PCR primers were 
designed as listed in Supplementary Table 3. Genomic DNA from each sample was amplified, and the genotype at 
rs10774671 for each sample was determined using a TaqMan SNP genotyping assay (Thermo Fisher Scientific Inc. 
Beijing, China) on an Applied Biosystems™ OpenArray™ real-time PCR instrument. In addition to the TaqMan 
SNP genotyping assays, several PCR products were randomly selected and subjected to Sanger sequencing to 
confirm the results (Supplementary Figure 1).

RNA isolation and quantitative RT-PCR. Total RNA from PBMCs was isolated using TRIzol (Invitrogen 
Inc., Carlsbad, CA, USA) according to the manufacturer’s instructions. The concentrations of total RNA were 
determined by NanoDrop, and samples were diluted with 10 ng/μL of MS2-RNA (Hoffmann-La Roche, Inc., 
Nutley NJ, USA) to a final concentration of 100 ng/μL. cDNA from each individual was synthesized using iScript 
cDNA Synthesis Kits (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Quantitative RT-PCR was performed to 
determine the mRNA expression levels of four OAS1 isoforms. The human GAPDH gene was used in quantitative 
RT-PCR as a control.

Statistical analysis. Single-marker associations were assessed using the logistic regression function in Plink, 
version 1.09. The Hardy-Weinberg proportion test P value of rs10774671 in the controls was greater than 0.01. For 
the associations between rs10774671 and SS and anti-SSA-positive SS, multiple models were used. The associa-
tions of rs10774671 in anti-SSA-positive SS complicated with HBV were performed using Fisher’s exact test, given 
that a small sample size was available for this particular analysis. ORs and 95% confidence intervals (CIs) were 
calculated to assess the relative risk conferred by a allele and genotype. The comparisons of the mRNA expression 
levels of OAS1 and the different isoforms in PBMCs and EBV-transformed B cell lines between different geno-
types were performed using a non-parametric Kruskal-Wallis test with correction for multiple comparisons. A P 
value less than 0.05 was considered statistically significant.

Molecular cloning of OAS1. To amplify DNA segments encoding different isoforms of OAS1, we designed 
a group of primers for initial and nested PCRs. A human B cell cDNA library was used as the template, and PCR 
was performed with high-fidelity Phusion polymerase (Thermo Fisher Scientific Inc. Beijing, China). The PCR 
products were cloned into the pBluescript-KS vector. Plasmid DNAs were purified from E. coli clones using a 
DNA mini-prep kit (Thermo Fisher Scientific Inc. Beijing, China). The correct construct was selected based 
on restriction enzyme digestions. DNA sequencing analyses with T7 and T3 primers then verified the entire 
sequence of the DNA insert. DNA segments encoding four isoforms of OAS1 were then sub-cloned into the 
pCDNA3.1 expression vector for the follow-up functional studies.

Anti-HBV activity assays. HepG2 cells were maintained in complete Dulbecco’s Modified Eagle’s medium 
(DMEM, Gibco-BRL, CA) containing 10% fetal bovine serum (FBS, Hyclone, Fisher, PA), 100 units/mL of peni-
cillin, and 100 mg/mL of streptomycin in a humidified incubator with 5% CO2 at 37 °C. Co-transfection of HepG2 
cells was performed with expression vectors encoding various isoforms of OAS1 along with the HBV-producing 
plasmid pCMVayw-HBV. The culture medium was replaced every three days. Six days after transfection, the cells 
were harvested for HBV core protein assays. The supernatants were harvested for detecting HBV antigens using 
ELISA, and DNA from the cells was isolated for determination of HBV-DNA presence by quantitative PCR. The 
expression levels of the different isoforms of OAS1 and the HBV core protein in HepG2 cells were determined 
using a standard western blot procedure using an antibody against the co-expressed tag with OAS1 and anti-HBc 
antibody. β-actin was used as a loading control for the experiments. β-actin expression was detected and was used 
as a loading control for each lane. Three independent experiments were performed to determine the statistically 
significant differences.

All methods were performed in accordance with the institutional and national guidelines, regulations, and 
approvals.
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Data availability. All data generated or analysed during this study are included in this published article (and 
its Supplementary Information files).
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